/-Lactamases are produced by a wide range of different prokaryotic cells with great variety in chemical, physical and enzymatic properties". //-Lactamases are called as such on the basis of only one common property: they catalyze the hydrolysis of /-lactam ring of penicillins and cephalosporins to produce antibacterially inactive products, penicilloic acids and cephalosporoic acids. This provides the pathogenic bacteria with resistant ability against /-lactam compounds. At the same time, however, these enzymes are produced by non-pathogenic micro-organisms as well. We have previously shown that at least three-quarters of Streptomi•ces strains isolated recently"and also those isolated thirty years ago°' produced /1-lactamase constitutively irrespective of their resistance to benzylpenicillin. Another non-pathogenic prokaryote, the cyanobacteria, is also reported to produce /'-lactamase°'. The roles of these enzymes are not known completely in non-pathogenic micro-organisms. /3-Lactamases in Streptomrces have many different properties and can be divided into five groups on the basis of their substrate specificity and physico-chemical properties ' .
Some enzymes have a high affinity to blue dextran and are sometimes eluted along with blue dextran in the void volume position from a Sephadex Column"'. Considering that Sireptonnrces produce many /3-lactam compounds and some of them show antibacterial activity and some act as /'-lactamase inhibitors, such diverse properties of fl-lactamases suggests that Streptonlt°ees protect themselves from /3-lactam compounds, their own metabolites, by degrading with enzymes having a /J-lactamase activity from many different origins. This paper describes the purification of a /3-lactamase from Streptompces by affinity chromatography on Blue Sepharose CL-6B and some properties. As far as we know, this is Blue Sepharose CL-6B and Sepharose 4B were purchased from Pharmacia, CM-52 cellulose from Whatman, NADP+-agarose, NADI (yeast, grade III), NADP+ (sodium salt), ATP (equine muscle), bovine serum albumin and Tris from Sigma, pI marker from Oriental Yeast Co., sodium dodecyl sulfate (SDS)* and acrylamide from Nakarai Chemicals Ltd., and N,N'-methylene bis(acrylamide) and N,N,N',N'-tetramethylethylenediamide from Wako Pure Chemicals. Myoglobin (Mw= 17,800), chymotrypsinogen A (25,000), and ovalbumin (45,000) were obtained from Schwarz/Mann and DNase 1 (31,000) from Worthington. These proteins were used for the molecular weight standards. Chromogenic cephalosporin 87/312 was a kind gift from Dr. M. MATTHEW of Glaxo Research Laboratory. Streptarni'ces cellulosae KCC S-0127 was a courteous gift from Dr. A. SEINO of Kaken Chemical Co. and was maintained on slants of agar-GAA. Composition of agar-GAA and medium E used for shaken culture was described previously".
Methods
Growth of Organism Streptompces cellulosae KCC-0127 (drived from ATCC 3313) was grown on a rotary shaking machine (200 rpm) in 500-ml Erlenmeyer flasks containing 100 ml of medium E at 27,C. Two ml of a 2-day culture was inoculated into 100 ml of the same medium, and grown for 5 days. The mycelia were removed by centrifugation and the supernatant was used as an enzyme source.
Assay Methods for /3--Lactamase /-Lactamase activity was determined iodometrically at pH 7.0 and 30'C using a slight modification'`-"' of the method of PERRET`°', and the micro-iodometric assay of NovtcKL3' was used for the kinetic measurement of the enzyme reaction. One unit of /3-lactamase was defined as the amount of the enzyme that catalyzed the hydrolysis of I /nnol of benzylpenicillin per minute at 30°C and pH 7.0.
Isoelectric Focusing Isoelectric focusing was carried out by an LKB 2117 Multiphor apparatus on a sheet of polyacrylamide gel. The detailed procedure was described in a previous paper". The isoelectric point was determined by comparison with the standard pl markers. The pls of the proteins used are: cytochrome c (horse), 10.6; myoglobin (sperm whale), 8.7; myoglobin (horse), 7.6; cytochrome c2 (R. rubrum), 6.2; and cytochrome c' (R. rubrum), 5.6.
Protein Determination Protein was determined using the method of LowRY et al."' with crystalline bovine serum albumin as a standard.
SDS Polyacrylamide Gel Electrophoresis
This was performed by the modified method"" of LAEMMLi and FAVRE'~'. Amino Acid Analysis After exhaustive dialysis against deionized water, the sample was hydrolyzed in a constant boiling HCI for 20 hours at 110' C. Amino acid analysis was performed by the Hitachi 835 Amino Acid Analyser.
Fluorescence Spectrophotometry Hitachi 204-S spectrophotofluorimeter was used. In all experiments, both excitation and emission slits were 10 nm. Emission spectra were obtained at 28°C by an excitation at 290 nm, and monitoring was done at the peak near 334 nm. Data were obtained at an enzyme concentration of about 50 nM The abbreviation used is: SDS, sodium dodecyl sulfate. Results and discussion
Purification of the Enzyme
All the procedures were carried out at 4-C. To the culture supernatant (4,600 ml) solid ammonium sulfate (650 g) was added. After standing for 3 hours, the precipitate was removed by centrifugation, and to the supernatant further ammonium sulfate (2,900 g) was added and the solution was kept standing overnight. The supernatant was removed
(1,000 units) by centrifugation and the precipitate was dissolved in water and dialyzed against three changes of 5 liters of water and one change of 5 liters of 50 niM sodium phosphate, pH 6.0.
The precipitate was removed by centrifugation. The results of the purification was summarized in Table 1 .
Physico-chemical Properties
The purity of the enzyme was checked by gel electrophoresis. In analytical polyacrylamide gel electrophoresis the enzyme migrated as a Fig. 1(a) . Chromatography on CM-52 cellulose of ammonium sulfate precipitate fraction. The sample containing 1.75 g protein and 7,022 units /3-lactamase was applied to a column (1.6 ;c 40 cm) equilibrated with 50 niM sodium phosphate, pH 6.0. After washing with 200 nil of the same buffer, a linear gradient was applied as described in the text. Fractions of 250 drops were collected.
Fr act on number Fig. 1(b) . Affinity chromatography on Blue Sepharose CL-6B of fraction 28-31 of Fig. 1 (a) . The sample containing 17.4 mg protein and 2,650 units /3-lactamase was applied to a column (0.9 x 13 cm) equilibrated with 10 mm Tris-HCI, pH 7.5. After washing with 50 ml of the same buffer, a linear gradient was applied as described in the text, and then 1 M NaCI in the same buffer. Fractions of 30 drops were collected.
The enzymatic activity in the ordinate was expressed as the consumed amounts of iodine determined by the optical absorbance at 520 nm. The results were expressed as the relative molar ratio to leucine (=100): Asp, 120; Thr, 100; Ser, 320; Glu, 180; Gly, 300; Ala, 150; penicillin (02 mM) in 0.1 M sodium phosphate, pH 7.0, was found to be 100 (benzylpenicillin only), 52 (plus cloxacillin, 0.1 mM) and 85 (plus methicillin, 0.1 mM). These results, coupled with the fact that certain penicillinases of Gram-negative bacteria can degrade cephaloridine at a rate comparable with benzylpenicillin whereas the enzyme of S. cel/closac can not degrade cephaloridine so rapidly, indicate that the construction mode of the active site is markedly different in these two kinds of penicillinases, although the amino acid residues involved directly in the catalysis and/or binding of substrate are not necessarily different"'.
Effects of Inhibitors
The effects of various organic and inorganic compounds on the enzymatic activity were summarized in Table 2 . Iodine, p-chloromercuribenzoate and N-bromosuccinimide inhibited strongly the enzymatic activity and Cu',-inhibited slightly. As only with about 0.7 M NaCI ( Fig. 1 (a) ). Accordingly, we examined whether the /-lactamase interacts with NAD+, ATP or NADP+ by fluorescence titration. The enzyme solution in 10 mM
Tris-HCI, pH 7.5, showed a maximum fluorescence spectrum at 334 nn when excited at 290 nm.
When NAD+ or ATP was added gradually to the enzyme solution, the fluorescence intensity at maximum wave length decreased gradually. However, analysis of these data by the method of CHEN and COHEN2 indicates no interaction between the enzyme and NAD+ or ATP. On the other hand, the enzyme solution was passed through a column of NADP+-agarose, the enzyme was eluted only just with 0.5 M NaCI, while the enzyme was applied to a column of Sepharose 4B, the enzyme was passed hrough or eluted completely with less than 0.1 M NaCI (Fig. 3) . Furthermore, when NADP'-was added gradually to the enzyme solution, the fluorescence intensity at maximum wave length decreased sharply (Fig. 4) . Treatment of the data as in previous papers'7''"' gave an association constant of The finding that the /3-lactamase has a dinucleotide fold is quite interesting also from the point of the view of evolution or source of /3-lactamases in pathogenic bacteria. As stated above, the properties of /3-lactamases are quite diverse. Consequently, it is possible that /3-lactamases now have been evolved convergently from many different proteins into one common property: hydrolysis of /3-lactam ring. If one accepts the idea that the enzymes inactivating antibiotics in pathogenic bacteria may be derived from antibiotic-producing Streptomyces73), these divergent properties are easily understood. The reason is that the Streptomyces must protect themselves at any cost against /3-lactam compounds which are their own metabolites. If they did not do this they would kill themselves by the binding of these /3-lactam compounds to their own targets, penicillin-binding proteins (manuscript submitted). The synthesis of some /3-lactamases is controlled also in Streptomyces by a plasmid24' and/or a transposon'''. Thus, such /'-lactamases may be found in a few years in pathogenic as well as non-pathogenic micro-organisms. equilibrated with 10 ms Tris-HCI, pH 7.5. After washing with 7 nil of the same buffer, the column was eluted with 5 nil each of 0.1 M NaCI, 0.5 M NaCI and 1.0 M NaCI in the same buffer. Fractions of 10 drops were collected and the /3-lactamase activity in an aliquot was determined and expressed in the ordinate as the consumed amounts of iodine measured by the optical absorbance at 520 nm. 
